Generation of a novel SARS-CoV-2 sub-genomic RNA due to
the R203K/G204R variant in nucleocapsid: homologous
recombination has potential to change SARS-CoV-2 at both
protein and RNA level
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Variants over time - UK (n=207232)
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Figure S1. Proportion of weekly deposited SARS-CoV-2 sequences in the UK. Top
panel is the proportion of different strains. Bottom panel is the number of deposited
sequences in the GISAID database broken down into specific variants. The B.1.1.7 ‘UK
variant’ is the main deposited strain in recent months. D RG = D614/R203/G204; G_RG
= G614/R203/G204; G_KR = G614/K203/R204; G_KR (B.1.1.7) = ‘UK variant’; and
G _RG (B.1.351) = ‘South African variant’.
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Figure S2. Possible erroneous demultiplexing is responsible for novel sgRNA detected
in a single sequence with R203/G204. This sample does not have the R203K/G204R
mutation but two reads were classified as novel sgRNA by the periscope tool (blue).
Further investigation shows that this sample, indeed, does not contain any evidence of the
new TRS (red reads). It is possible that these reads are due to a barcoding issue or a very
low level of sample contamination.
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Figure S3. Sub-genomic RNA levels considering the D614 site in spike protein.
Samples with a D at residue 614 in the spike protein appear to have increased expression
of sgRNA compared to those with a G at this residue. (A). Across all sgRNAs and (B) in
selected individual sgRNAs (S = spike, M = membrane and E = envelope). Y-axis is square
root transformed sgRNA reads per 1000 genomic RNA reads from corresponding
amplicons. p values from Mann-Whitney U, adjusted for multiple testing with the Holm
method. RG = R203/G204 containing variant; KR = K203/R204 containing variants; D =
spike D614 containing variants, G = spike G614 containing variants.
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Figure S4. Predicted RNA structures corresponding to the R203/G204 and
K203/R204 forms of the nucleocapsid suggest alterations to the three-way junctions.
Predictions performed using the RNAfold program with pairing probability shown. Black
bars highlight the 203/204 codons.
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Figure S5 Location of R203K/G204R polymorphisms between the RNA-binding and
dimerization domains. The grey horizontal bar indicates the full length nucleocapsid
protein with the individual domains and specific regions indicated by green horizontal bars.
The left side panel indicates the presence of structures in the public databases. There are
no structures for the region adjacent to the serine-rich stretch and containing the
R203K/G204R sites (indicated by a red arrow). Structures are available for the RNA-
binding domain (including for SARS-CoV-2) and dimerization domain (SARS-CoV only).



